The Assessment and Reduction of Carbon Oxides Emissions at Electric Arc Furnaces – Essential Factors for Sustainable Development  by Iluţiu-Varvara, Dana-Adriana et al.
 Procedia Technology  19 ( 2015 )  402 – 409 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of “Petru Maior” University of Tirgu Mures, Faculty of Engineering
doi: 10.1016/j.protcy.2015.02.057 
G;"AG8EA4G<BA4? BA98E8A68 "AG8E7<F6<C?<A4E<GL<AA:<A88E<A:	"',*
' 	
(6GB58E
	,<E:H
&HE8F	*B@4A<4
,;84FF8FF@8AG4A7E87H6G<BAB964E5BABK<78F8@<FF<BAF4G 8?86GE<6
4E69HEA468F 
 FF8AG<4?946GBEF9BEFHFG4<A45?878I8?BC@8AG
4A4 
 7E<4A4"?HW<H 
 .4EI4E44		4E@8A&4E<4&OEM44	"B4A4

 &BA<64+4F 
 B644	.4F<?87E<4A86?4A 4
!$)%')%0!,-%.2*"'/&+*	!(*,) /(/'/%.,!!. 

'/&+**()%

%&$&
4E5BABK<78F (K ;4I84A8:4G<I8<@C46GBAG;8FG88?JBE>8EF	8AI<EBA@8AG4A7CBCH?4G<BAF ,;84<@B9G;<FC4C8E<FGB4FF8FF
G;8 (K 8@<FF<BAF 9EB@ FG88?@4><A: <A G;8 8?86GE<6 4E6 9HEA468F	 <ABE78E GB <@CEBI8 G;8 :4F8BHF 8@<FF<BAF@4A4:8@8AG	 4A
8FF8AG<4? 946GBE 9BE FHFG4<A45?8 78I8?BC@8AG	 5L <78AG<9L<A: G;8 @BFG CB??HG<A: G86;AB?B:<64? FG4:8F B9 G;<F CEB68FF ,;8
8KC8E<@8AG4?E8F84E6;8FJ8E864EE<87BHGBAGJB8?86GE<64E69HEA468FJ<G;4?>4?<A8?<A<A:,;8@84FHE8@8AGB9 (K 8@<FF<BAF
J4FC8E9BE@87HF<A:4&4K<?LM8E6B@CHG8E9BE5HEA87:4F8F4HGB@4G874A4?LF<F 9G8E8I4?H4G<A:G;88@<FF<BAFB9(K 7HE<A:
FG88?@4><A:<A8?86GE<64E69HEA468F	<GE8FH?GFG;4G G;8@BFGF<:A<9<64AG8@<FF<BAF;4I8588A:8A8E4G874GG;88A7 B9G;8@8?G<A:
4A7E89<A<A:FG4:8 <AG8E@FB9CB??HG<BA5L (K	G;8@BFGCB??HG<A:FG4:8F4E8@8?G<A:4A7E89<A<A: G;8?8I8?B9 (K 8@<FF<BAF
9EB@8?86GE<64E69HEA468F78C8A7FBAG;864E5BA6BAG8AGB9@4G8E<4?<ACHG ,;8E87H6G<BAB9 (K 8@<FF<BAFGBG;8FG88?@4><A:<A
G;88?86GE<64E69HEA468F<FCBFF<5?85L6;4E:86B@CBA8AGF8?86G<BA 4A7 5L G;8HF8B9E4J@4G8E<4?FJ<G;E87H68764E5BA6BAG8AG
N  ,;8HG;BEF)H5?<F;875L?F8I<8E%G7
+8?86G<BA4A7BEC88E
E8I<8JHA78EE8FCBAF<5<?<GLB9[)8GEH&4<BE\ -A<I8EF<GLB9,<E:H
&HE8F	46H?GLB9A:<A88E<A:
!21*, - 4<ECB??HG<BA 64E5BABK<78F(K 8?86GE<64E69HEA468 8@<FF<BAF FHFG4<A45?878I8?BC@8AG
"&$#'&#"
(A8B9G;8@BFG<@CBEG4AGFBHE68FB9 64E5BABK<78F 8@<FF<BAF9EB@G;898EEBHF@8G4?F<A7HFGEL<A6?H78F8?86GE<6
4E6 9HEA468F 23
 BEE8FCBA7<A:4HG;BE,8? 


(%'  ,!-- 74A4I4EI4E4:@4<?6B@
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of “Petru Maior” University of Tirgu Mures, Faculty of Engineering
403 Dana-Adriana Iluţiu-Varvara et al. /  Procedia Technology  19 ( 2015 )  402 – 409 
,;8FG88?@4><A:<AG;88?86GE<64E69HEA46858?BA:FGBG;864G8:BELB9G;8<A7HFGE<4?CEB68FF8FJ<G;;<:;78:E88B9
CB??HG<BA5864HF8 G;8 9B??BJ<A:CB??HG4AG FH5FG4A68F 4E8 GE4AF98EE87 <A G;84<E 8AI<EBA@8AG 946GBEF 64E5BABK<78F	
FH?C;HEBK<78F	A<GEB:8ABK<78F	IB?4G<?8BE:4A<66B@CBHA7F.(	C4EG<6H?4G8@4GG8E	7<BK<AF4A7 9HE4AF23
4E5BABK<78F;4I84A8:4G<I8<@C46GBAG;8FG88?JBE>8EF	8AI<EBA@8AG4A7CBCH?4G<BAF ,;864E5BA@BABK<78<F
4CB??HG4AG ;4I<A:4A 4FC;LK<4G<BA 89986G	 E8FH?G<A: 9EB@ <A6B@C?8G86B@5HFG<BA "G 6B@5<A8FJ<G;;8@B:?B5<A GB
9BE@ 64E5BKL;8@B:?B5<A	 E8FH?G<A: <A ;LCBK<4J<G; F8E<BHF 6BAF8DH8A68F 9BE I4E<BHF G<FFH8F 4A7 68?? E8FC<E4G<BA	
J;<6;<F@4A<98FG876?<A<64??L5L;84746;8	7<MM<A8FF	 7EBJF<A8FF	A4HF84	4EE;LG;@<4F 8G6 4E5BA@BABK<78C?4LF
4 EB?8 <ABMBA8 9BE@4G<BA "G <F 4?FB GE4AF9BE@87 <A 64E5BA7<BK<78	J;<6; <F 4?FB7<E86G?L 8@<GG87J;8A 9H8?F 4E8
58<A:5HEAG 4E5BA7<BK<78 <F G;8 @BFG 45HA74AG4AG;EBCB:8A<6:E88A;BHF8:4F 8@<GG87 G;EBH:;;H@4A46G<I<G<8F
4A7 ;4FAB7<E86G47I8EF8;84?G;89986GF 4E5BA7<BK<78<FA4GHE4??LCE8F8AG<AG;84G@BFC;8E84FC4EGB9G;84EG;F
64E5BA6L6?8 4A7 6B@89EB@4I4E<8GLB9A4GHE4?FBHE68F!H@4A
E8?4G878@<FF<BAF4E8E8FCBAF<5?89BEG;8<A6E84F8
G;4G;4FB66HEE87<AG;84G@BFC;8E8 F<A68G;8<A7HFGE<4?E8IB?HG<BA 2			3
,;84FF8FF@8AG4A7E87H6G<BAB964E5BABK<78F8@<FF<BAFC?4L4>8LEB?8<AG8E@FB9FHFG4<A45?878I8?BC@8AG4A7
8AI<EBA@8AG4? CEBG86G<BA 2			3
+HFG4<A45?8 78I8?BC@8AG ;4F 588A 789<A87 4F [78I8?BC@8AG G;4G @88GF G;8 A887F B9 G;8 CE8F8AG J<G;BHG
6B@CEB@<F<A:G;845<?<GLB99HGHE8:8A8E4G<BAFGB@88GG;8<EA887F\ /<G;BG;8E JBE7F	 FHFG4<A45?878I8?BC@8AG <F
G;878I8?BC@8AGG;4G 6BAGE<5HG84G<A6E84F<A:G;8 ?<984A7G;88AI<EBA@8AGDH4?<GL 2				3
BA68CG B9 FHFG4<A45?8 78I8?BC@8AG <A G;8 FG88? <A7HFGEL 78C8A7 BA 86BAB@<6	 FB6<4? 4A7 8AI<EBA@8AG4?
<A7<64GBEF,;8"AG8EA4G<BA4?"EBA4A7+G88?"AFG<GHG8 2	3;4I8 FH::8FG874AH@58EB9FHFG4<A45<?<GL<A7<64GBEFGB
@84FHE88AI<EBA@8AG4?	86BAB@<64A7FB6<4?C8E9BE@4A689BEFG88?<A7HFGEL(A8B9G;88AI<EBA@8AG4? <A7<64GBEF <F
E8CE8F8AG875L :E88A;BHF8 :4F8F 23 4E5BA BK<78F 4E864G8:BE<M874F :E88A;BHF8:4F 8@<FF<BAF
+HFG4<A45?878I8?BC@8AGGBG;8FG88?@4><A:<AG;88?86GE<64E69HEA468F	<AIB?I8F

 6BAF8EI<A:G;8A4GHE4?E8FBHE68FFH6;4F<EBABE8	6B4?	7B?B@<G8	@4:A8F<G88G6

 E87H6<A:G;88@<FF<BAFB964E5BABK<78F

 E87H6<A:G;88@<FF<BAFB9A<GEB:8ABK<78F

 E87H6<A:G;88@<FF<BAFB9FH?C;HEBK<78F

 E87H6<A:G;8BG;8E:4F8BHF8@<FF<BAFFH6;4FIB?4G<?8BE:4A<66B@CBHA7F.(

 E87H6<A: G;8DH4AG<GLB9J4FG8F?4A79<??87

 E86BI8ELG;8I4?H45?86B@CBA8AGF9EB@G;8J4FG8F

 <A6E84F<A:G;878:E88B9E86L6?<A:B97HFG4A7F?4:

 E87H6<A:G;8DH4AG<GLB9;4M4E7BHFJ4FG8F
,;84<@B9G;<FC4C8E<F G;84FF8FF@8AGB964E5BABK<78F (K8@<FF<BAFGBG;8FG88?@4><A:<AG;88?86GE<64E6
9HEA468F EB@ G;8 <A7HFGE<4?  G86;A<64? CB<AG B9 I<8J <G <F <@CBEG4AG GB 4FF8FF G;8 64E5BABK<78F 8@<FF<BAF 9EB@
FG88?@4><A:<AG;88?86GE<64E69HEA468F<ABE78EGB<78AG<9LG;8@BFGCB??HG<A:G86;AB?B:<64?FG4:8F4A7GBE87H68G;8
6BA68AGE4G<BAB9G;8F8CB??HG4AGF
,;8B5=86G<I8FB9G;8C4C8E4E8

 G;84FF8FF@8AGB9G;864E5BABK<78F8@<FF<BAF(K4GGJB8?86GE<64E69HEA468F

 8FG45?<F;<A: G;8 8IB?HG<BA B9 64E5BA BK<78F 8@<FF<BAF (K 9BE 846; G86;AB?B:<64? FG4:8 FC86<9<6 GB G;8
FG88?@4><A: <AG;8 8?86GE<64E69HEA468F

 G;8<78AG<9<64G<BAB9 G;8 64E5BABK<78F(K 8@<GG<A:FBHE68F GBG;8FG88?@4><A: <AG;8 8?86GE<64E69HEA468F

 8FG45?<F;<A: @8G;B7FGBE87H6864E5BABK<78F8@<FF<BAF(K GBG;8FG88?@4><A:
#&"& #'$%&&"$&&$#"(%(&#& !""& &$
$'$"%
,;8FBHE68FJ<G;64E5BABK<78F:8A8E4G<A:CBG8AG<4?GBG;8FG88?@4><A:4E8 2	3

 G;8 64E5BA 9EB@G;86;4E:8

 F6E4C<EBA
404   Dana-Adriana Iluţiu-Varvara et al. /  Procedia Technology  19 ( 2015 )  402 – 409 

 9<EFG9HF<BAC<:<EBA

 9H8? @4G8E<4?

 G;864E5BA9EB@G;8 :E4C;<G88?86GEB78F	J;<6;4E8:E47H4??L6BAFH@87	HAG<? 78FGEH6G<BA
,;8 64E5BABK<74G<BA <A G;8@8G4? 54G; 64A58C8E9BE@875L7<E86G E846G<BAJ<G;BKL:8A 4A7 G;EBH:; G;8 <EBA
BK<78,;86;8@<64?E846G<BAFG;4G ?847GBG;8:8A8E4G<BAB964E5BABK<78F(K GBG;8 FG88?@4><A: <A8?86GE<64E6
9HEA468F4E8 2		3
       
     !!  32 
     32 !!  
       	 
G;<:;G8@C8E4GHE8F	G;89B??BJ<A:E846G<BAF64A 4?FB B66HE
            
        %%    
        ))  
"AG;8F?4:	G;89B??BJ<A:(8@<GG<A:E846G<BAFG4>8C?468
          
           !!    
      	  
         
,;8E87H6G<BAB964E5BABK<78F8@<FF<BAFGBG;8FG88?@4><A:<AG;88?86GE<64E69HEA468F<FCBFF<5?85L 2			3

 G;86;4E:86B@CBA8AGF8?86G<BA

 G;8HF8B9E4J@4G8E<4?FJ<G;E87H68764E5BA6BAG8AG

 HF<A: 9B4@<A:F?4: G86;AB?B:L
,;89B4@<A:F?4: 64A58B5G4<A874G G;88A7B9 9HF<BAB9 98EEBHF@4G8E<4?F589BE8 G;87<F4CC84E4A68B9 G;8 ?4FG
@8?G5LF<@H?G4A8BHF?L<A=86G<A:G;EBH:;G;86?84A<A:7BBEB9G;8

 6B4?<AG;8F?4:

 BKL:8A4GG;8FHE9468BE<AF<78G;8 @8G4?
405 Dana-Adriana Iluţiu-Varvara et al. /  Procedia Technology  19 ( 2015 )  402 – 409 
,;8 9B4@<A: F?4: <F ABG FG45?8	 BA68 9BE@87	 <F 78:E47<A:	 4F 4 6BAF8DH8A68 G;8 6B4? @HFG 58 6BAG<AHBHF?L
<A=86G87,;<F G86;AB?B:L ;4FG;8 9B??BJ<A: 89986GF

 786E84F<A:G;84<E9?BJE4G88AG8E<A:G;89HEA468	J;<6;E8FH?GF<A?BJ8E8@<FF<BAFB964E5BABK<78F

 786E84F<A:G;8@8?G<A:FG4:87HE4G<BA

 786E84F<A:B9G;8:E4C;<G88?86GEB78F6BAFH@CG<BA
&$ "&#
,;88KC8E<@8AG4?E8F84E6;8FJ8E864EE<87BHGBAGJB8?86GE<64E69HEA468FJ<G;4?>4?<A8?<A<A:,;8GLC8B9FG88?
CEB7H687<A5BG;9HEA468FJ4F64E5BAFG88?
,;8@84FHE8@8AGB964E5BABK<78F(K8@<FF<BAFJ4FC8E9BE@87HF<A:4&4K<?LM8E6B@CHG8E9BE5HEA87:4F8F
4HGB@4G874A4?LF<F
,;8@84FHE8@8AGB964E5BABK<78F(K8@<FF<BAFJ4FC8E9BE@878I8EL@<AHG8F	7HE<A: G;8 G86;AB?B:<64?
FG4:8FB9G;8FG88?@4><A:<AG;88?86GE<64E69HEA468F ,;8G86;AB?B:<64? FG4:8F B9FG88?@4><A: ;4I8 ;47G;89B??BJ<A:
7HE4G<BAF@8?G<A: 
 @<AHG8FE89<A<A: 
 @<AHG8F78FH?C;HE<M4G<BA4A778BK<7<M<A: 
 @<AHG8F
,;8E8FH?GFB5G4<A879EB@8KC8E<@8AG4?E8F84E6;8FJ8E86B@C4E87J<G;G;84??BJ87I4?H8F9BEG;8F8CB??HG4AGF4G
8@<FF<BAF	FC86<9<87<AG;8 E898E8A68F2	3
%' &%"%'%%#"%
"A<:HE8F4A7G;8E84E8CE8F8AG87G;88@<FF<BAFB964E5BA@BABK<78(4A7@4K<@H@64E5BA@BABK<78
(@4K E86BE7877HE<A: G;8 G86;AB?B:<64?FG4:8FFC86<9<6 GB G;8FG88?@4><A:CEB68FF <A G;88?86GE<64E6 9HEA468F
J<G; 464C46<GLB9GBAF	 4A7 GBAF E8FC86G<I8?L
<:HE8F;BJFG;4GG;8I4?H8F E86BE7879BE64E5BA@BABK<784E845<GBI8EG;84??BJ87?<@<G,;8;<:;8FGI4?H8F
E86BE7879BE64E5BA@BABK<78J8E84GG;88A7B9@8?G<A:FG4:8CC@4A74GG;858:<AA<A:B9G;8E89<A<A:FG4:8
CC@ ,;<F<F7H8GBG;8946GG;4G4GG;88A7B9G;8@8?G<A:FG4:8	G;8G8@C8E4GHE8B9G;8@8G4?54G;;4F4FG88C
<A6E84F8E4G84A7G;8BKL:8A7<FFB?I87<AG;8@8G4?54G;<AG;89BE@B98(	GE<::8EFG;8BK<74G<BAB964E5BAE846G<BA
<A4??G;8@8G4?54G;	J;<6; E8FH?GF<AG;8:8A8E4G<BAB964E5BA@BABK<78(4A7<GF8?<@<A4G<BA<AG;84G@BFC;8E8
,;8;<:;8FG I4?H8F E86BE7879BEG;8@4K<@H@64E5BA@BABK<78(@4KJ8E8 4G G;88A7B9G;8@8?G<A:FG4:8
 CC@ 4A7 4G G;8 58:<AA<A: B9 G;8 E89<A<A: FG4:8  CC@ "A G;<F 64F8 BA8 64A 4FF8FF G;4G <9 G;8 FG88? <F
CEB7H687  <A G;8 GBAA8FBI8A	 G;8@4K<@H@4??BJ876BA68AGE4G<BAB9 64E5BA@BABK<78 <F 8K6887875L
G<@8F4GG;88A7B9G;8@8?G<A:FG4:84A75LG<@8F4G58:<A<A:B9G;8E89<A<A:FG4:8
<:HE8F;BJFG;4G G;8I4?H8F E86BE7879BE64E5BA@BABK<78(4A764E5BA@BABK<78@4K<@H@(@4K
4E8BI8EG;84??BJ87?<@<G,;8;<:;8FGI4?H8F9BE8@<FF<BAFJ8E8E86BE7874GG;88A7B9@8?G<A:FG4:8@<AHG8
4A74GG;858:<AA<A:B9G;8E89<A<A:FG4:8@<AHG8,;HF	G;8@4K<@H@4??BJ876BA68AGE4G<BA<F8K6887875L
G<@8F4GG;88A7B9@8?G<A:FG4:84A75LG<@8F4GG;858:<AA<A:B9G;8E89<A<A:FG4:8,BJ4E7FG;88A7B9
E89<A<A:FG4:8BA864AB5F8EI84F<:A<9<64AG786E84F8B9G;8E86BE787 I4?H8F 9BE64E5BA@BABK<78
,;8 8@<FF<BAFB9@4K<@H@64E5BA@BABK<78(@4KE86BE7878K6887G;8@4K<@H@4??BJ876BA68AGE4G<BA5L
G<@8F4GG;88A7B9@8?G<A:FG4:84A75LG<@8F4GG;858:<AA<A:B9G;8E89<A<A:FG4:8
<:HE8 CE8F8AGF46B@C4E4G<I84A4?LF<F58GJ88A G;88@<FF<BAFB964E5BA@BABK<78 ( E86BE7877HE<A: G;8
G86;AB?B:<64?FG4:8FB9FG88?@4><A:<AG;88?86GE<64E69HEA468FJ<G;464C46<GLB9GBAF4A7GBAFE8FC86G<I8?L
<:HE8  F;BJF G;4G G;8 I4?H8F E86BE787 9BE 64E5BA @BABK<78 8K6887 G;8 4??BJ87 ?<@<G ,;8 ;<:;8FG I4?H8F
E86BE787 9BE64E5BA@BABK<78J8E84G G;88A7B9@8?G<A:FG4:8	 G;4G <F2CC@39BEG;88?86GE<69HEA468J<G;G;8
64C46<GLB9GBAF4A72CC@39BEG;88?86GE<69HEA468J<G;464C46<GLB9GBAF
G G;858:<AA<A:B9G;8E89<A<A:FG4:8	G;864E5BA@BABK<786BA68AGE4G<BA9BEG;8GBAF9HEA468J4F2CC@3	
4A7 9BE G;8  GBAF 9HEA468 <G J4F  2CC@3 9G8E G;4G	 G;8E8 J4F 4 F<:A<9<64AG 786E84F8 <A G;8 E86BE787
6BA68AGE4G<BAFB964E5BA@BABK<78	7H8 GBG;8946GG;4GG;87864E5HE<M4G<BA@8G4?54G;J4F7BA84?@BFG6B@C?8G8?L
4A7G;878F<E87C8E68AG4:8B964E5BAJ4FE846;87
406   Dana-Adriana Iluţiu-Varvara et al. /  Procedia Technology  19 ( 2015 )  402 – 409 
<: ,;864E5BA@BABK<78(4A7@4K<@H@64E5BA@BABK<78(@4K8@<FF<BAFI4E<4G<BAFGBG;88?86GE<6
4E69HEA468;4I<A: G;864C46<GLGBAF
<:,;864E5BA@BABK<78(4A7@4K<@H@64E5BA@BABK<78(@4K8@<FF<BAFI4E<4G<BAFGBG;88?86GE<6
4E69HEA468;4I<A:G;864C46<GLGBAF
407 Dana-Adriana Iluţiu-Varvara et al. /  Procedia Technology  19 ( 2015 )  402 – 409 
<:,;864E5BA @BABK<78( 8@<FF<BAFI4E<4G<BAF 9EB@ G;88?86GE<6
4E6 9HEA468;4I<A:G;864C46<GL B9GBAF4A7 GBAF E8FC86G<I8?L
<:HE8  CE8F8AGF 4 6B@C4E4G<I8 4A4?LF<F 58GJ88A G;8 @4K<@H@ 8@<FF<BAF B9 64E5BA @BABK<78 ( @4K
E86BE7877HE<A:G;8G86;AB?B:<64?FG4:8FB9FG88?@4><A:<AG;88?86GE<64E69HEA468FJ<G;4 64C46<GLB9GBAF4A7
GBAFE8FC86G<I8?L
66BE7<A: GBG;874G4CE8F8AG87<A<:HE8F		4A7G;864E5BA@BABK<78<F:8A8E4G87G;EBH:;G;8CEB68FFB9
FG88?@4><A: <A8?86GE<64E6 9HEA468F	 4A7 G;8@4K<@H@4??BJ878@<FF<BA6BA68AGE4G<BA <F8K688787 5L4EBHA7
G<@8F 9BE G;8 GBAF 9HEA4684A75L G<@8F 9BE GBAF 9HEA468,;864E5BA@BABK<786BA68AGE4G<BAF58:<A GB
<A6E84F84FG;86;4E:8:B8F9EB@G;8FB?<7FG4G8GBG;8?<DH<7FG4G8,;8G86;AB?B:<64?FG4:8F7HE<A:J;<6;G;8E84E8
:8A8E4G87 F<:A<9<64AG4@BHAGFB964E5BA@BABK<784E8 G;8 8A7B9@8?G<A: FG4:84A7 G;858:<AA<A:B9 G;8 E89<A<A:
FG4:8 ,BJ4E7F G;8 8A7 B9 G;8@8?G<A: FG4:8 G;8 G8@C8E4GHE8 B9 G;8@8G4? 54G; ;4F ;<:; :EBJG; E4G8	 G;8 BKL:8A
7<FFB?I87 <A G;8@8G4? 54G;	 <A G;8 9BE@ B9 8(	 GE<::8EF G;8 BK<74G<BA E846G<BA B9 64E5BA <A G;8 4?? ?<DH<7 FG88?	
E8FH?G<A:<AG;8:8A8E4G<BAB964E5BA@BABK<78(4A7<GF8?<@<A4G<BA9EB@G;8@8G4?54G;	G;EBH:;F?4:	7<E86G?L
<AG;84G@BFC;8E8(A864AB5F8EI8G;4G	5LG;88A7B9E89<A<A:FG4:8	 G;864E5BA@BABK<786BA68AGE4G<BAF58:<AGB
786?<A8<A5BG;9HEA468F
408   Dana-Adriana Iluţiu-Varvara et al. /  Procedia Technology  19 ( 2015 )  402 – 409 
<:,;8@4K<@H@64E5BA@BABK<78(@4K8@<FF<BAFI4E<4G<BAF9EB@G;88?86GE<6
4E69HEA468;4I<A:G;864C46<GLB9GBAF4A7GBAFE8FC86G<I8?L
	#" '%#"%
,;8 64E5BABK<78F(K;4I8 4A8:4G<I8<@C46GBAG;88AI<EBA@8AG<A:8A8E4?4A7C4EG<6H?4E?LBAG;8DH4?<GLB9
G;8 4<E 8AI<EBA@8AG4? 946GBE	 58<A: E8FCBAF<5?8 9BE :?B54?J4E@<A: ,;8 A8:4G<I8 <@C46G B9 64E5BA BK<78F (K
;4I84A89986G BAG;8FG88?JBE>8EF 4A7BAG;8CBCH?4G<BA
,;8 47787I4?H8B9 G;8E8F84E6; <F G;84FF8FF@8AG4A7E87H6G<BAB964E5BABK<78F8@<FF<BAF4G GJB8?86GE<64E6
9HEA468F J<G;4?>4?<A8?<A<A:
,;8 @BFGCB??HG<A:G86;AB?B:<64?FG4:8FGBG;8FG88?@4><A:<AG;88?86GE<64E69HEA468F	9EB@G;8CB<AGB9I<8JB9
64E5BA BK<78F 8@<FF<BAF	 4E8 @8?G<A: 4A7 E89<A<A: 9G8E G;<F G86;AB?B:<64? FG4:8F	 <G J4F E86BE787 4 F<:A<9<64AG
E87H6G<BA<AG;8?8I8?B964E5BABK<78F8@<FF<BAF
,;8CBG8AG<4?FBHE68FG;4G:8A8E4G8G;864E5BABK<78F(K 8@<FF<BAFGBFG88?@4><A: 4E8 G;864E5BA 6BAG4<A87<A
6;4E:86B@CBA8AGF	FH6;4FB?7F6E4C	9<EFG9HF<BAC<:<EBA	9H8?@4G8E<4?F4A7 G;864E5BA 6BAG4<A87<AG;8 :E4C;<G8
8?86GEB78F
,;8 ?8I8? B9 64E5BA BK<78F 8@<FF<BAF	 7HE<A: FG88?@4><A: <A 8?86GE<6 4E6 9HEA468F <F <A9?H8A687 5L G;8 64E5BA
6BAG8AGB9G;86;4E:86B@CBA8AGF
,;8 64E5BABK<78F8@<FF<BAF E86BE7874G G;88?86GE<64E69HEA468;4I<A:G;8 64C46<GLB9GBAF 4E8;<:;8EG;4A
G;BF8E86BE787<AG;89HEA468;4I<A:G;864C46<GLB9 GBAF J<G;

409 Dana-Adriana Iluţiu-Varvara et al. /  Procedia Technology  19 ( 2015 )  402 – 409 
,;8 CB??HG<BA CE8I8AG<BA 4A7 6BAGEB? G86;A<DH8F GB E87H68 G;8 4<E CB??HG<BA J<G; 64E5BA BK<78F (K GB G;8
FG88?@4><A:<A6?H78FG;89B??BJ<A: G;86;4E:86B@CBA8AGF8?86G<BAG;8HF8B9E4J@4G8E<4?FJ<G;E87H68764E5BA
6BAG8AG HF<A: 9B4@<A: F?4: G86;AB?B:L ,;<F G86;A<DH8 B9 F?4: 9B4@<A: ;4F G;8 89986G B9 E87H6<A: 4<E9?BJ
8AG8E<A:G;89HEA468786E84F<A:G;8@8?G<A:FG4:87HE4G<BA786E84F<A:G;86BAFH@CG<BAB9G;8:E4C;<G88?86GEB78F	
J;<6;E8FH?GF<A?BJ8E8@<FF<BAFB964E5BABK<78F
$"%
23 "?HW<H
.4EI4E4,;8:8A8E4G<BA4A7GE4AF98EB9CB??HG4AGFH5FG4A68F<A<A7HFGE<4?CEB68FF8F	,8;A-A<I)H5?<F;<A:	?H=
'4CB64	
23 .4EI4E4	+GH7<8F6BA68EA<A:G;8FH5FG4A68FGE4AF98E58GJ88AG;8FG88?@4><A:C;4F8F);,;8F<F	,-
'	
23 ,Q??8M#	*B7ES:H8M	4=4E7B4E5BA@BABK<786BAG4@<A4G<BA4A8AI<EBA@8AG4?;84?G;CEB5?8@*8I+4?H7)H5?<64B:BG4 
	

23  4A7<A<	4FGB?7<	4A7HE4+	%B64G8??<	HG8E4*	)E<BE<+	&4AMB%4E5BA@BABK<7864E7<BGBK<6<GL?<A<64?,BK<6B?B:L


23 '* '4G<BA4?*8F84E6;BHA6<? 7I4A6<A:G;8+6<8A68B9?<@4G8;4A:8  ,;8'4G<BA4?6478@<8F)E8FF	/4F;<A:GBA		-+
23 1H?<4AG<#	+6<CB?B.	BEA(CCBEGHA<G<8FGBE87H686BFGF4A7?BJ8E ! 8@<FF<BAF<A4A7(FG88?@4><A:+G4;?HA7<F8A
	
23 6<H-F8B9F4J7HFG<AG;86B@CBF<G<BAB9C?4FG8E@BEG4EF)EBAI<EBA@8AG	 	 

23 <B45?4	 "BA8?"	 ,8A6;84	 H@<GE8? 	 )B78 . +B?<75<B9H8?74G454F8 
 )BG8AG<4?B9HF<A:.8:8G4?<B@4FF<A<B:4F)EB7H6G<BA
*8I;<@  	 

23  4IE<?8F6H&?84A8ECEB7H6G<BA4F4GBB?9BE FHFG4<A45?878I8?BC@8AGAI<EB@8AG4?A:<A88E<A:4A7&4A4:8@8AG#BHEA4?			


23 6<H 	 "?HY<H
.4EI4E4 	 B5<EM4A '	 4?B:  *86L6?<A: B9 C4C8E J4FG8 <A G;8 6B@CBF<G<BA B9 C?4FG8E<A: @BEG4EF )EB687<4
,86;AB?B:L		

23 04?6<A -E54A6G<I<G<8F<AG;8I<8JB9G;8FHFG4<A45?878I8?BC@8AG)EB687<4,86;AB?B:L		

23 ,E<CBA  "AABI4G<I8 G86;AB?B:L 9BE FHFG4<A45?8 78I8?BC@8AG B9 ;H@4A E8FBHE68 HF<A: ABA
9BE@4? 4A7 <A9BE@4? 87H64G<BA )EB687<4
,86;AB?B:L		

23 *L@4A 	 %4EFFBA &	 .<>FGEU@ %	 *HGDI<FG + (CG<@<M4G<BA B9 FHFG4<A45<?<GL <A <AG8:E4G87  FG88?@4><A: )EB6887<A:F B9 G;8 G;
"AG8EA4G<BA4?BA:E8FFB9;8@<64?4A7)EB68FFA:<A88E<A:G; 
 G;H:HFG 
 )E4:H8 
 M86; *8CH5?<6	 
23 "AG8EA4G<BA4?"EBA4A7+G88?"AFG<GHG8""+"+G88?,;89BHA74G<BAB94FHFG4<A45?89HGHE8 
 +HFG4<A45<?<GLE8CBEGB9G;8JBE?7FG88?<A7HFGEL	
EHFF8?	
23 "AG8EA4G<BA4?"EBA4A7+G88?"AFG<GHG8""+"+HFG4<A45<?<GL<A7<64GBEFB9G;8FG88?<A7HFGEL 
 *8CBEGEHFF8?	
23 +GE8MBI.	I4AF	I4AF,89<A<A:FHFG4<A45<?<GL<A7<64GBEFB9<EBA4A7FG88?CEB7H6G<BA#BHEA4?B9?84A8E)EB7H6G<BA	 		Z

23 ,HE>7B:4A,HA74@8AG4?B9+G88?@4><A:	,;8 -A<I8EF<GL)E8FF	4@5E<7:8	-$
23 %BGHA	)<?BA%);LF<64?@B78?<A:B9F?4:9B4@<A:9BEI4E<BHFBC8E4G<A:6BA7<G<BAF4A7F?4:6B@CBF<G<BAF"+"#"AG8EA4G<BA4?	
Z
23 "?HY<H 
 .4EI4E4  *8F84E6; 45BHG G;8 :E88A;BHF8 :4F8F 8@<FF<BAF 9EB@ @8G4??HE:<64? CEB68FF8F AI<EBA@8AG4? A:<A88E<A: 4A7
&4A4:8@8AG#BHEA4?	 	 

23 <E86G<I8B9 G;8HEBC84A)4E?<4@8AG4A7B9 G;8BHA6<?B9#4AH4EL6BA68EA<A:  "AG8:E4G87)B??HG<BA)E8I8AG<BA4A7
BAGEB?	
23 BA68EA<A:G@BFC;8E8)EBG86G<BA4A7@<FF<BA'BE@F9BEG;88G8E@<A4G<BAB9<E)B??HG4AGF )EB7H6875L+G4G<BA4EL+BHE68F &))&
(E78EAB
